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Advances in instrumentation have resulted in the Thefunctions of the system and the way in which the calculation function being included in the modern programs operate is described here. More details on analyser, which produces its output in an already the files and programs will be described in later calculated and scaled form. This trend is certain to papers.
continue, since instrument manufacturers must cater In many busy laboratories, highly-developed for the many laboratories without computer facilities, laboratory apparatus is usedtoexaminethe specimens, and even in a laboratory with a data processing but the information produced is transmitted to the system, the production of usable results directly by clinical staff via a primitive manual data-handling the analyser is a useful backup for times when the system. As a result, a disproportionate amount of data processing system is not operating. We can thus the laboratory staffs' time is spent in clerical duties, conclude that laboratory instruments are likely to errors in transmission are comparatively frequent, include more sophisticated calculators, including and much of the laboratory effort is potentially microprocessors, and the laboratory computer will wasted because results cannot reliably and swiftly be be concerned more and more with the data managerecalled and reviewed. ment function. The natural solution to these difficulties is a Data management can almost entirely be avoided computer-based data processing system and various if the laboratory works on a 'per specimen' basis. systems have been described (Flynn, 1965 ; Berkeley Typically, in such a laboratory specimens arrive Scientific Laboratories, 1971; Whitby, 1971 ; accompanied by a request form with space on it for Goldblatt, 1972; Cavill et al., 1975; Peters, 1976) . the results. The laboratory performs the examination The size and cost of the computers varies as does and writes the result on the request form, which is the emphasis placed by the designers on the relative then returned as a report to the clinical staff. A importance of data acquisition as opposed to data duplicate of this completed form may be held in the management.
laboratory, but it is usually difficult or impossible to Data acquisition is the transfer of information retrieve it on demand. However, this method of into the computer system from outside-for example, working has the advantage that the laboratory is acquiring results from laboratory instruments. When spared the duty of record-linking the results of the computers were initially introduced in clinical bio-various specimens which arrive at different times for chemistry laboratories, most of the automatic the same patient. The task of assigning the report to analysers were of the Technicon AA 1 type with an the correct patient is delegated to the ward or analogue display which required extensive proces-clinical firm from which the request originated; it is sing to convert the instrument readings into usable more easily done there. even if the details of the 307 patient identity are imperfect or incomplete, because the number of patients is so much smaller. On the other hand, the 'per specimen' method of working means that there is always the possibility that an individual report will go astray and hence will not be brought to the attention of the clinical staff. There are also many instances in which clinically important information only becomes apparent when the results of laboratory tests done on different occasions are compared. Further, by not assembling together all the available laboratory results, an important source of research data is unavailable, as well as a valuable insight into the consistency or otherwise of the laboratory performance. For these reasons, many large laboratories maintain a data base of results and accept the inevitable overhead in clerical functions which this imposes. It is in this field that the use of laboratory-based computer systems is most rewarding. The data management function includes several well-defined tasks which are common to all pathology laboratories of differing sizes and disciplines.
Test requesting is the registration of requests for tests received by the laboratory, with details of the identity of the patient as well as a specification of the test or tests required. File handling and maintenance is concerned with collecting together, sorting, validating, and storing the results of the laboratory work.
Reporting comprises the collection of any necessary information from the files and its output, usually in the form of a printed document. There are various subsidiary functions that a good data processing system can fulfil-such as, allowing the fast retrieval of individual records, the production of work load statistics, and various quality control functions.
The Phoenix system
This system is designed to provide a laboratory data handling system and to assist in solving the specific problems which experience has shown to be common to all hospital laboratories. In particular, we wished to establish a system that could be operated with confidence by laboratory staff without the intervention of specially trained computer personnel. To be acceptable to the staff, the individual transactions must be done swiftly and with little effort so that the net effect of introducing the system to the laboratory is a saving of time and effort expended by the laboratory staff rather than the reverse (a requirement which is certainly not satisfied by all the computer systems in use today). The system must be stable and safe in operation so that data are not easily lost or corrupted andit must take account of the situations J. Abson, A. Prall, and f. D. P. Wootton which arise where the data available to the system are less than perfect-for example, when a request form and specimen arrive in the laboratory without a proper case number to identify the patient, or when at a late stage in the analytical process, it is discovered that there is insufficient specimen to permit completion of the analysis.
The Phoenix system is essentially a set of three files held in the computer and accessible from a number of terminals located in different places in the laboratory. During design, it became apparent that several elements were important:
I. The computer should preferably be capable of supporting a time-sharing executive, so that the various programs could independently and simultaneously be run from different terminals without mutual interference. It would be possible for the various functions to be performed in turn even on a machine which can run only one program at a time, but such an arrangement would be suitable only for a laboratory with a limited work load. 2. A random access filing system which enables any record or file to be retrieved instantaneously or at most with an imperceptible delay. In practice, this means a file held on magnetic disc and an indexed filing system. 3. A computer operating system which allows programs to be initiated and controlled from any terminal by simple and easily remembered commands. 4. Application programs in a high-level programming language which are structured in a simple way so that laboratory staff can understand and if necessary maintain them. S. A set of interface procedures which are designed for the special requirements and limitations of laboratory data. In our own implementation of this system, we use a Computer Technology Modular One computer. This is a mini-computer with a 16-bit wordlength and runs under the manufacturer's MODUS 4 timesharing executive. The CTL Indexed Filing System (IFS) is used to maintain our files on cartridge disc drives. The operating system is the CTL Advanced Operating Facility (AOF) and the application programs are written in CORAL 66, an officially-supported ALGOL-type language specially adapted to mini-computers. The interface procedures are written by ourselves in CORAL with machine code inserts where necessary.
With the exception of the interface procedures and the application programs, all the software used is the standard product of the computer manufacturer.
The principles upon which the system has been implemented are as follows:
CLINICAL Fill Fig. 1 The general arrangement of the records on the clinical file. The information relating to each patient starts with an identity record (request number 0) and request records follow in order with increasing request numbers.
eight but the computer is capable of supporting a much greater number.
Our programs have been taken by other laboratories for use on computers made by at least three other manufacturers. Since not all manufacturers provide a CORAL compiler, this has meant that the programs have required rewriting in other languages and versions in FORTRAN and BASIC are in preparation. The details of the selected computers vary, but in general they appear to be similar to our own-that is, a machine of 32-56K words, with at least 10 million words of disc store, a line printer, and a number of VDUs.
Data processing in pathology laboratories: the Phoenix system I. The general design has been kept as simple as possible. In fact, only three main IFS files are involved. 2. The individual programs each operate on one or more of the three files. The programs act independently of each other and do not interact. Thus any single program can be removed, revised, and replaced without affecting the rest of the system. 3. The file structure has been defined in general terms, with the details fixed by program macro, while the test codes, units, and other basic information is set by tables. This means that changes in the file structure, the tests, units, and similar fixed information can be accommodated without reprogramming which makes the whole system readily adaptable to the needs of other laboratories and disciplines. 4. The programs are compatible with, and take advantage of, the standard commercial CTL programs.
The laboratory computer
The Modular I computer is classed as a rmrucomputer, partly because its word-length is 16 bits. This restricts the size of an integer number that can be stored in a single word to ± 32 768, but for pathology applications, this has not proved to be a limitation. By suitable scaling, the necessary information to define a test result can readily be accommodated in two computer words, including the test descriptions and the units.
The Hammersmith machine has a core memory of 56K words. 1~was installed before this system was designed and is certainly larger than needed; the programs would run satisfactorily in a 48K machine. The backing store is contained on two cartridge disc drives, each drive holds two discs, one fixed and one removable. A single disc has a capacity of about 2·5 million words, so that the total capacity is 10 million words or 20 million bytes. During normal running, two discs are reserved for programs, workspace, swapping, and other computer functions. One disc contains the current files and there is enough space on it to hold the most recent four months of results. The fourth disc holds older results than those on the current file; it is more closely packed and hence a total of 9-12 months of results are available on-line at any time.
Output of printed information (reports, laboratory lists, etc.) is provided by a line-printer (300-600 lines a minute). Control of individual programs and display of file-contents and similar information is achieved by visual-display units (VDUs); we have Each of the three files is made up of a number of records. The order in which the records are stored in the file is determined by the value of a record key.
The key of each record determines where it is put on the file when the record is created, also by supplying a key of an existing record, it can be found and copied into core almost instantaneously. The speed of the retrieval is not significantly lessened however large the file becomes. The files are: 1. The clinical file This is the main file of patient records. It is made up of two types of record (Fig. 1 ). These are: (a) Patient identity records (PID) containing the case number, name, forename, age, sex, etc. of each patient. (b) Results records, containing information about specimens, including the specimen number, specimen type, the tests done on the specimen, and the results obtained. Each results record can also optionally include a 'diagnosis' (which is clinical information added when the record is initiated) and a 'comment' (which is a free-form comment added by the laboratory). The key of each clinical file record is made up of the case number of the patient with an additional integer adjoined by the system. The additional integer is zero if the record is a PID; in the case of results records, as each specimen from the patient is received, the integer is increased by the system. The result of this arrangment is that the patients appear in the file in case number order and all the results records related to any individual patient are stored in order and follow immediately the patient's PID record.
The work file
This is a temporary store of incomplete results related to specimens under examination at the time. The file is divided into about 20 sections; each section contains fixed length records of a given set of tests (electrolytes, enzymes, etc.), The key of each record is a combination of the set number and the specimen number, so that the records of each set of tests are stored together in specimen number order.
The report file
This contains references to records on the clinical file for which reports are required-that is, those with newly completed and authorised results. The references are filed in ward order so that a batch of reports is printed in the same order.
PRINCIPAL OPERATIONS
The principal operations on the files are illustrated in Fig. 2 .
Test requesting
When a request form is received in the laboratory, the first operation is to label both request and specimen with the same specimen number (including a check character) which is conveniently done by using computer produced replicate labels. The test request is submitted via a VDU, the case number c: Reports being keyed in first to initiate a search of the clinical file. If the case number is recognised, the details of the patient identity are displayed for confirmation of identity and alteration if necessary; otherwise, for a new patient these details are keyed in.
The test groups or individual test codes followwith a diagnosis if present on the form. The computer then makes entries both on the clinical file and on the work file to receive the results when available.
As a feature of the IFS filing system, the necessary searches of the file do not cause an appreciable delay and so allow a fast input of test requests.
Input of results
This can be done in a variety of ways, for example paper tapes containing specimen numbers and results can be input via a tape reader, as can the tapes produced by SMA multichannel analysers, Similarly, results can be directly keyed in by VDU. Finally, tapes of peak heights from a chart reader can be calculated as results with drift correction (Flynn, 1965) , etc.
All results are placed in the correct record of the work file and remain there until authorised. As an alternative to numerical results, a sequence of up to four characters can be substituted to allow laboratory codes such as 'HAEM' (haemolysed) to be reported instead of a result.
If the analytical side outpaces the entry of test requests, so that there are no blank records on the work file for the results, the necessary records will automatically be created by the results input and will remain waiting for the test request information.
Use of the work file
This file, with its records of work in process in the laboratory, is an important source of management information. The current state of any section of the work file can be displayed on a VDU, likewise it can be printed in three separate versions.
A complete printing of a section shows all the records, both those with completed results and the incomplete ones. By selecting only the completed records, a results sheet is produced for use when the computer system is switched off. By selecting only the incomplete records, a worksheet for use by the laboratory analyst is produced.
Facilities are also available for amending, editing, or erasing the results on the work file, so that known incorrect results are not copied to the clinical file.
Authorisation of results
When the laboratory staff are satisfied that all completed results on a section (or a part section) of the work file are correct, these results are 'authorised'. Initiating this program causes each completed record .0 be read from the work file in turn and copied to the vacant space awaiting it on the clinical file, at the same time an entry is made on the report file to indicate that a report is required for this specimen and finally, the work file entry is deleted. If required a comment can be added to the record on the clinical file at this time.
As a result of this sequence of operations, the clinical file grows as time passes. When it becomes too large, it is culled and the older records are stored on an archive file. The work file is automatically pruned at each authorisation and thus does not increase in average size. In fact, requests which have been overlooked in the laboratory are continually brought to attention by remaining stuck on the work file.
Reporting
This takes place at convenient intervals. The clinical file records which should be reported are defined by the report file entries and reports can be made in three modes:
(a) Interim reports are printed in free format and contain only the results of the current work just completed (Fig. 3) . They are printed in ward order to assist fast distribution. (b) Cumulative reports are produced on preprinted stationery and contain the results of a number of consecutive records so building up a cumulative report for the patient (Fig 4) . (c) Cumulative reports are produced in freeformat. This has certain advantages over the use of pre-printed stationery as less space is wasted on the form because the packing of data can be more efficient. Facilities are also available for producing duplicate reports or individual reports on single patients. 6. Miscellaneous programs To complete the system, a number of utility programs are available. Some of the most important are:
(a) Inquiry: by typing in the case number of the patient on a VDU, immediate access is provided to his part of the clinical file, a facility of great value for answering telephone inquiries. there are subsequent requests which carry the correct case number. Programs are available to examine the clinical file for possible matches (taking names, wards, ages, etc. into consideration) and, when a match is confirmed, to merge the pseudo patient's records with those of the authentic patient.
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OPERATING STAFF
Two main classes of laboratory staff are concerned in the day-to-day running of the system; clerical staff and the ordinary laboratory personnel dealing with the specimens (in our case, biochemists and other biochemical staff). The clerical staff open and close the system each day, copy the files as necessary, and type in the test requests. They also produce the printed reports and answer telephone inquiries by reference to the clinical file. Laboratory staff are principally concerned with the results. Depending on the apparatus involved, they produce paper tape for automatic input or may use a laboratory YDU terminal to type in small volumes of data directly. The laboratory staff are also responsible for authorising the acceptance of results from the work file to the clinical file; until this process has been carried out, no result can be reported-an important safeguard against the premature disclosure of incorrect results.
Very little special training is required by the operating staff. All programs produce (on the YDU screen) explicit requests for direction whenever more than one option occurs during a run-for example Data processing in pathology laboratories: the Phoenix system SURNAME SAWD FORENAME TH"S . '01,.,., 11453 c 13'01"''' IMS61 g 1"'01"'., IM13.
18'01"''' IM960 01 ",.,.,., 083.1 03",.,.,., 03011. .,.. PRINT (A)LL SETS / TYPE SET NUMBER using a standardised format adapted from the Dundee laboratory computer system (Griffiths, 1971) , since this format had received wide acceptance by our laboratory staff. The language used in the screen messages is chosen to be familiar to the analytical staff, rather than being in computer jargon and these features, together with the excellent performance, have resulted in unreserved acceptance of computer data processing by the laboratory staff. Objective measurements of the system performance will be presented in another paper.
The contributions of Dr R. M. Haslam, Miss B. Schumer, and other members of the laboratory staff were essential. Their insistence on our making the computer system fit the laboratory requirements has been a major factor in the success of the project.
We are also glad to acknowledge our debt to the Computer and Research Branch of the Department of Health and Social Security, who provided the computer and supported the programming staff during the development phase.
